Karyopherin-b3 is a nuclear transport receptor that appears to be involved in nuclear import of ribosomal proteins. Here we report on sequence and expression of karyopherin-b3 in Xenopus. The differential distribution of karyopherin-b3 mRNA during Xenopus embryogenesis is similar to that of several other protein import factors and of ribosomal proteins. These genes thus de®ne a novel synexpression group in the context of ribosome biogenesis. q
Results
Import of macromolecules into the nucleus is mediated by members of the nuclear transport receptor family. The ®rst and best characterized mechanism for import of proteins with classical nuclear localization signals (NLS) depends on the importin-a/b pathway. Speci®c cargos are transported in a complex with the importin-a adaptor and the importin-b receptor through the nuclear pore (reviewed by Ohno et al., 1998; and references therein) . Direct binding of a cargo to its transport receptor is also possible, as it is the case with nuclear import via importin-b or other related proteins such as RanBP5, RanBP7 or transportin (Ja Èkel and Go Èrlich, 1998) . As a third example, the histone H1 transport is mediated by a RanBP7/importin-b complex (Ja Èkel et al., 1999) . The GTPase Ran/TC4 is involved in the formation and dissociation of the transport complexes and it alternates between its GDP bound state in the cytoplasm and its GTP bound state in the nucleus. RanGAP1 (GTPase-activating protein) is located either in an unmodi®ed form in the cytoplasm or modi®ed by SUMO-1 (small ubiquitin-related modi®er) and targeted to the nuclear pore complex (Matunis et al., 1998) . The RanGTPase stimulating activity of RanBP1 is increased by its cofactor RanGAP1. Nuclear transport factor 2 (NTF2, p10) binds to RanGDP, as well as to xFxFG repeat-containing nucleoporins and may thus be involved in the import of Ran into the nucleus (Bayliss et al., 1999 ; reviewed by Moore, 1998) .
Various different import receptors can mediate in vitro import of the ribosomal proteins L23a, S7 and L5; direct binding of L23a to importin-b, transportin, RanBP7 and RanBP5/karyopherin-b3 has been reported (Ja Èkel and Go Èrlich, 1998) . The Xenopus ribosomal protein L5 similarly binds to a set of different known import receptors/adaptors, namely importin-a, -b transportin and RanBP7. Xenopus L5 contains three different NLSs with the N-terminal one of these recapitulating the same spectrum of import receptor/adaptor binding as the full length protein (Clauûen et al., 1999) . Recombinant human karyopherin-b3 has been described to interact in vitro with the ribosomal proteins RL13 and RL23 (Yaseen and Blobel, 1997) .Two yeast proteins closely related to human karyopherin-b3 have been described; one of these, Kap121p, can replace the function of the second one, Kap123p, in yeast and it may be involved in nucleocytoplasmic transport of ribosomal proteins (Rout et al., 1997; Seedorf et al., 1999) .
We have isolated a Xenopus cDNA clone with a deduced amino acid sequence showing highest similarity to human karyopherin-b3 (94% similarity and 89% identity) and yeast Kap121 (Fig. 1A,B) . Whole-mount in situ hybridization analysis reveals that during late gastrula/early neurula stages of development karyopherin-b3 mRNA is primarily detected in the anterior neural plate, in an area corresponding to the eye-Anlage ( Fig. 2A,B) . A weaker, more posterior area of expression is con®ned to the sensorial layer of the neuroectoderm. During tailbud and tadpole stages, high www.elsevier.com/locate/modo levels of expression are detected in the eye, branchial arches and portions of the midbrain. Generally, the transcriptional level in the central nervous system is higher in dorsal than in ventral areas. Strongest expression is visible in the fore-and midbrain, whereas no transcripts could be detected in the pineal gland and the ventral regions of the spinal chord; lower levels of expression are detected in dorsal, terminal structures of the embryo as well as in the hindbrain. In the area of the pronephros a diffuse, weak expression is detectable (Fig. 2C±J) . RT-PCR analysis also detects a basal level of karyopherin-b3 mRNA in all adult tissues analyzed (data not shown).
Expression pattern analysis in Xenopus embryos with a broad set of randomly chosen cDNAs revealed the existence of groups of genes with highly coordinate expression, functioning in common processes and hence referred to as synexpression groups. The biological processes involving such synexpression groups have been found to range from general cellular activities, such as ER-import, to speci®c regulatory processes, such as BMP-4 or Delta-1 signaling (reviewed by Niehrs and Pollet, 1999) . To date, differential expression of proteins involved in nuclear transport was only reported for several, but not all importin-a variants (Ko Èhler et al., 1997; Tsuji et al., 1997; Nachury et al., 1998) .
We detected expression patterns very similar to the one of Xenopus karyopherin-b3 for ribosomal proteins and other importin-b related proteins that are likely to be involved in nuclear import of ribosomal proteins. Proteins of the large ribosomal subunit, such as L3, L6, L7A and L5, as well as the small ribosomal subunit proteins S8 and S3A, are expressed in a pattern that is very similar to the one of karyopherin-b3 (Fig. 3 and data not shown) . Tadpole stage embryos exhibit the eyes, branchial arches and partition of the fore-and midbrain, as areas of high level expression for these genes. The expression of proteins that are commonly required for nuclear protein import, such as RanTC4 and RanBP1, was also analyzed. The pattern generated is again very similar to the one of genes encoding for other proteins, thought to be involved in nuclear import of ribosomal proteins (Fig. 3) . In contrast to karyopherin-b3 and RanBP7, proteins that are not directly involved in ribosomal import, such as importin-a, Sumo1 and p10 are more broadly distributed in the developing Xenopus embryo (data not shown).
These observations thus lead to the de®nition of a novel synexpression group containing ribosomal proteins and their transport factors. Therefore it may be possible to identify novel proteins with a function in ribosomal protein import or ribosome export on the basis of their expression pattern in Xenopus embryos.
Experimental procedures
A Xenopus oligo(dT) l Zap Express cDNA libary(Stratagene) from tail tips of stage 30±32 embryos was used for randomly screening by large scale whole-mount in situ hybridization (So Èlter et al., 1999) and led to the identi®ca-tion of a partial karyopherin-b3 cDNA clone. An embryonic head cDNA libary (Hollemann et al., 1998) was used to isolate a full-length clone. Karyopherin-b3 and other known transport factors or associated proteins were cloned with suitable restriction enzymes into the pCS21 expression vector (Markmeyer et al., 1990) . For the synthesis of antisense RNA with T7 RNA polymerase, the resulting plasmids were linearized 5
H to the open reading frame. Wholemount in situ hybridization was performed as described in Hollemann et al. (1999) . The following partial sequences (550±1000 bp) were used for whole-mount in situ analysis: L3, L6, L7A (our own unpublished results), S3A identical to sp|P02350, S8 identical to gb|AW199883.1 and Ran/TC4 identical to dbj|AB030945.1. 3 . Common expression characteristics of ribosomal proteins and nuclear import factors. Whole-mount in situ hybridisation analysis was performed using antisense RNAs corresponding to the entire coding region for karyopherin-b3, RanBP7, RanBP1 and L5. Partial antisense sequences were used for in situ hybridization analysis of RanTC4 and S3A. The presented examples were grouped into three classes: transport factors (karyopherin-b3 and RanBP7), transport factor associated proteins (RanTC4 and RanBP1) and ribosomal proteins (L5 and S3A). Early tailtip stages (29±30) are shown in lateral view.
